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2 A/D????????
2 A/D????????
A/D????????????????????????????SNR/SNDR(ENOB)
? SFDR ? AC ?????????/?????? (DNL/INL) ? DC ???????
?????????????????? 3??????? FoM????
???????? A/D????????????????????????????
???? A/D?????????????????????????????????
?????????
2.1 ?????????? A/D?????????
Nbit? A/D???????????????????? 2N ???????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????? A/D???????
?????????????????????????
? 8 ???????? A/D???? (a)????? (b)?????
? 8???? A/D??????????????????????????? Qn ?
???????
? 8(a) ? Ain ????????Dout ??A/D ?????????????? Ain
??????????????????????????????????????
Qn = Dout   Ain ???????? 8(b)??????? Qn ???????????1
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2 A/D????????
????????????????????????? 1=2LSB ??  1=2LSB ???
???????????????????? 1 ??????????? 2N ?????
???
?????? 2????Qn(rms) ??????? 8(b)???????????????
A/D?????? Qn(rms) ? 1?????????????? Qn(rms) ???????
?????? 1???????????? Qn(rms) ??????????????
? 8(b)???????A/D?????????????? 1???????? t1??
???????????????? t2 ???????1LSB????? VLSB ????
?????????????? Qn ??
Qn =
t2 + t1
2T
VLSB   VLSB
T
t (t1  t  t2) (2.1)
?????
? (2.1)????????? 2???? Qn(rms) ??
Qn(rms) =
s
1
T
Z t2
t1
Q2ndt

=
vuut" 1
T
Z T=2
 T=2
V 2LSB
 t
T
2
dt
#
=
VLSBp
12
(2.2)
???????
?? Nbit ? A/D ??????????????? (Signal to Noise Ratio:SNR) ?
?????????A/D????????????????????????????
??????????? SNR???????
Nbit ? A/D ???????????????????????? 2 ????
Vsin(rms) ??
Vsin(rms) =
2NVLSB
2
p
2
(2.3)
????
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2 A/D????????
(2.2)?? (2.3)???????? Nbit? A/D??????? SNR??
SNR[dB] = 20 log 10

Vsin(rms)
Qn(rms)

= 20 log 10
0@ 2NVLSB2p2
VLSBp
12
1A
= 6:02N + 1:76 (2.4)
???????
2.2 SNDR(ENOB)/SNR/SFDR
? 9 ???????????
A/D??????????????????????
??? A/D?????????????????????????????????
??????(2.4)?????????? SNR???????????????????
A/D??????????????? ENOB(Eective Number of Bits)???????
ENOB ???????????????? SNDR(Signal to Noise and Distortion
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2 A/D????????
Ratio)????? (2.4)?? SNR?????????????? N??????
ENOB =
SNDR[dB]  1:76
6:02
(2.5)
???????
SNDR ????????????A/D ????????????????????
????????????????????????????????????????
?????? 9?????????????????????????????????
??????????????(1)?????????????(2)?(10)??N? (N=2
?10)?????????????SNDR?????? (1)?????????????
?????
SNDR??A/D????????????????????????????????
?????????????????????????????????? SNR(Signal-
to-Noise Ratio)??????? THD(Total Harmonic Distortion)?????????
??????????????????????
SNR???????????????????????SNDR??????????
???????????????????????????????????????
????2 ??10 ???????????????????????????SNR ??
SNDR ??? 9(2)?(10) ?????????????????THD ????????
?????????????????????? (1)???????? (2)?(10)???
?????????????
??????????????????????????????????????
SFDR(Spurious Free Dynamic Range) ?????????????? 9 ??????
???SFDR????????????????????????? SFDR?????
????????????????????????????????SFDR?????
??? (Carrier)? 0dB??? dBc???????
2.3 Figure of Merit(FoM)
???????????????????????????????????????
?????????A/D???????????????? FoM(Figure of Merit)??
?????? [1]?FoM??A/D???????? fsamp??????? ENOB???
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2 A/D????????
? 10 FoM(ISSCC1997-2001)??????????????? 2
?? Pdiss ? 3????????
FoM =
Pdiss
fsamp2ENOB
[J=conv] (2.6)
???????
FoM???? [J/conv]???????????? (2????????)??????
??????????? A/D ??????????????????FoM ?????
????????????????????????????????
? 10?????? ISSCC? 1997??2001?? 15???????? A/D????
????????????? (ENOB)??????????????? (Pdiss=fsamp) ?
?????????????? [2]?? 10 ??????? 5 ????????????
??????????????????????????FoM???????????
???????????????????????????????FoM???????
A/D???????????????????
? 10??????????? A/D???? FoM????????????????
????????????????
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2 A/D????????
2.4 DNL/INL
?????? (Dierential Nonlinearity:DNL) ?????????????????
???????? 1bit??????????????????????????????
?????? (Integral Nonlinearity:INL) ??DNL ???????A/D ??????
?????? (transfer curve) ?????????????????????????
??????DNL/INL??LSB???????????A/D???????????
????????? DNL/INL?????DNL/INL??????????
? 11 3bitA/D ??????? DNL/INL ???? (a)A/D ????????
(transfer curve)(b)DNL(c)INL
? 11???? 3bit? A/D??????? DNL/INL????????? 11(a)??
??????????????????? (Ain)????????????? (Code)?
???????????? 3bit????Ain? 1LSB???????????????
1bit ????????????? A/D ?????????????Code ? 1bit ??
????????? Ain ????? 1LSB ????????????? DNL ????
DNL??Code? 1bit???????? Ain ?????(Ain)?????
DNL = ((Ain)  1)LSB (2.7)
????????????(Ain)=1LSB??? A/D??????DNL=0????
? 11(b)(c) ??? 11(a) ???????????? Code ? (Ain) ? (2.7) ???
?????? DNL?????????? INL?????????????? 11(b)(c)
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2 A/D????????
? 12 INL?????????
?????????? A/D ???? DNL/INL ????????DNL=+0.5LSB/-
0.5LSB?INL=0LSB/-0.75LSB???????????DNL/INL?????????
A/D??????????????????
INL???????????????????????? (endpoint)????????
? (best t)?? 2???????? 12??INL?????????????????
???????????????????????????????????????
INL?????????????????????????? 2???????????
??????????? INL?????????????????????? Ain=0?
?????A/D?????????????????????????????????
???????? INL?????????????????????????????
??????
???? A/D???????????? DNL/INL???????????????
??????
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3 ???????????????????????
3 ???????????????????????
3.1 ????
??????? A/D?????????????????????????????
???????? D/A?????????????????????????????
????????? [1]?
???????????????????????????????????????
??????? Cu ?????????????????? u ????????????
u=Cu ?????????????????? 2?????????????????
?????2Cu?
p
2u ??????????
p
2u=2Cu ??????????????
??????????????
???????????????????????????????????????
????????????????????????????????????????
????????????? A/D????????????????????????
????????????????? A/D?????????????????????
???????????? A/D????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??CMOS????????10bit????????????????????? A/D
?????????????2 10 = 0:1%?????????????????????
???????
1pF ???????????????????9.0 ????? (Eective Number Of
Bits:ENOB) ???????????????????????? [2][3] ??????
??????????????????????????????????1pF????
?????????????????????????????IC?????????
???????????????????????????? [4][5]?????????
????????????????????????????????????????
??????????????????????????
???????????????????????????????????????
???????????????????????????
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3 ???????????????????????
3.2 ?????????
? 13 ??????????????????????????????????
(a)??????? (b)????????????
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3 ???????????????????????
? 13????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????
?????????????????????????????? 4 ???????
????????????????????????????????????????
???
???????????????????????????????????????
???
1.?????? DC???????????
2.???????????????? (Common-Mode Rejection Ratio:CMRR)??
????????
3. C1?C2?C3?C4 ????? C0 ??????Ci = Ci  C0(i = 1?4)?????
????? i(i = 1?4)????
4.???????????? CF1?CF2 ????????????????????
????????????CF1 = CF2 = CF ???????CF =C0 ?????????
????
5.?????????????
6.????????????????????????????????????
???????????????????????? 2??????????????
???????? C1?C4 ??????????????
(a)??????? ? 13(a)?????SWX ????????? C1?C4 ????
???????SW1?SW2????????????????????????????
?????????????????????????? VCOM ??????????
??C1?C4 ?????????Q1R = C1(VIN1 VCOM )?Q2R = C2(VIN2 VCOM )?
Q3R = C3(VIN1   VCOM )?Q4R = C4(VIN2   VCOM )????
(b)???????????? ? 13(b)?????SWX ??(a)????????
????????????????? C1?C4 ???????SW1?SW2 ?????
????????????????????????????????? CF ????
?????????????C1?C4 ????????? Q1D = C1(VIN2   VCOM )?
Q2D = C2(VIN1   VCOM )?Q3D = C3(VIN2   VCOM )?Q4D = C4(VIN1   VCOM )?
???
??Q1R?Q4R?Q1D?Q4D ??????????????? Vout??VIN = VIN1 
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3 ???????????????????????
VIN2 ?????
Vout =
(Q1R  Q1D)  (Q2R  Q2D)
CF1
  (Q3R  Q3D)  (Q4R  Q4D)
CF2
=
C1   C2   C3 + C4
CF
(VIN1   VIN2)
=
C1  C2  C3 +C4
CF
VIN (3.1)
?????
? (3.1)????????? Vout ??????? C1?C4 ?????????????
???????????
?????? Vout ??????????????????????????????
????????????????????????????????????????
???
? (3.1)?????????????? v ??
v =
VIN
CF
vuut 4X
i=1
2i =
2VIN
CF
i (3.2)
? (3.2)??????????????????????
i
C0
=
CF
2C0
v
VIN
(3.3)
?????
???????????????????????????????????????
???????????
3.3 ??????????
?????3.2??????????????????????
?????????????????????????????????????
30%?????????
???????????? A/D ?????????????? 3 ? 0.5LSB ??
???????99.7% ? 1 ???????? 0.5LSB ???????????????
????????????????????????????????????????
30%??????????????? 96.4%???????????????? 0.5LSB
???????????????????
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3 ???????????????????????
????????????????????????????
CF =C0 = 0:5?VIN = VIN1   VIN2 = 0:5V ?????????? (3.3)??????
??? 1mV????????????? 0.05%??????
????????????? 6???????????
1.??????DC?????   ?mV????????????????Fig13(a)
???????????????????????????????
2.??????????? CMRR  ?????????????????????
???????????????????? 60dB?CMRR?? 80dB????????
????????????????????????????1%??????????
??CMRR???????????????????????????????????
3.CF =C0 ?????    ???????? % ??????????????????
????????????? v ??%??????????????????????
??????????Ci(i=1,2,3,4)???? 0?????????? i ??0???
???????i ?????????CF =C0 ????????????
4. ??????????????????    ???CF1 = CF (1 + )?CF2 =
CF (1  )(??%??)?????? (3.1)??
Vout =
Q12
CF1
  Q34
CF2
= Q12(1  ) Q34(1 + )
CF
=
Q12  Q34   (Q12 +Q34)
CF
(3.4)
????????Q12 = (Q1R Q1D) (Q2R Q2D)?Q34 = (Q3R Q3D) (Q4R Q4D)
????
? (3.1)??jQ12  Q34j  jQ12 +Q34j??????????????? VOUT ?
??????????????Q12  Q34 ? Q12 +Q34 ??????????????
?????? 1????????????? VOUT ???????????????
???
5.????    ????????????????????????????????
???????????????????????? SWX ?????????????
????????????? VIN1?VIN2 ?????????????????????
???
6.???????????    ?????? SWX ?MOS????????????
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3 ???????????????????????
??????????????????????? C1?C4 ?????????????
5.????????? VIN1?VIN2 ????????????????????????
????????????????????????????????????
??????????????????????????? SW1?SW2 ??????
????????????????????????????????????????
???????? VOUT ??????????????? SW1?SW2 ?????MOS
??????????????????VOUT ??????
????????????????????????????????????? 2?
?????? 4????? (a)'?(d)'????????????? 14????????
???????
(a)' ??????? (Reset)  ?? (a)????????????
(b)'?????????????? (Feed-through) SW1? SW2??????SWX
? (a)'??????????????????????????SW1 ? SW2 ????
?????????????????????????? VOUT ???????
(c)' ??????? (Reset)  ????? (a)??????????????????
(d)' ???????????? (Mismatch)  ?? (b)?????????????
????
???????????????????????????????????????
??? 15?????????????????????????????(b)'????
???????????? (d)'????????????????????? VOUT ?
?????????
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3 ???????????????????????
? 14 ??????????????????????????????????
? 15 ?????????????????????????????????????
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3 ???????????????????????
3.4 ???????????????????
? 16 ???????????????????????
? 16 ???????????????????????????????????
MIM ???????????????????????????? 4 ???????
??????? 9 ?? MIM ????? C0?C8 ????????????????
??????????? Sw0?Sw8 ?????????????????? 2.5V ??
??2?????????? Vhigh=1.5V?Vlow=1V????????????????
Vcm=1.25V????
???????? Cclk ?????????????????????????? SwF
???????????4 ??????????? Sw0 ????? Sw1?Sw8 ????
?????????????? Sw1?Sw8 ???????????IC???? 3bit??
??? Vsel[2:0]?????????????????????????????????
C0 ?????? C1?C8 ????????????????????????????
???? Vout = Voutp-Voutn ??????????????????????? C0 ?
?????????????????????? +-????????????C8 ???
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3 ???????????????????????
?? C0?C7 ?????????
? 17 ??????
? 18 CMFB??
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3 ???????????????????????
? 19 ??????????
? 17????????????????????????????????????
????????????
????????NMOS ?????? M1?M2 ???????????????
PMOS ?????? M3?M4 ??????????????????????? N1?
N2???M1?M2???M3?M4???????????????????????
???? N3?N4 ? NMOS ?????? M7?M8 ???????????????
???????????????????????????????????????
PMOS??????M5?M6????????????? GBA??????????
??????????????????????????????? (Common-Mode
FeedBack:CMFB)???????????Cp ??CMFB?????????????
??????????????????
? 18 ??????? CMFB ??????????NMOS ?????? M9 ? M11
?????????????????????? Vout+? Vout ???????????
???NMOS??????M10?????????????????????????
?? Vcm=1.25V ???????M9?M11 ????????????M10 ?????
??M9???M11? 2???????????????????M12?M14????
???M9?M11??????????????????????????
?? CMFB?????Vout+? Vout ?????????????????????
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3 ???????????????????????
? 20 4???
Vcm ?????????M9?M11 ???????????? R ??????????
????????????Vcmfbout ???????CMFB????? Vcmfbout ????
?????M3?M4?????????????M3?M4????????????
??????CMFB??????????????????? Vcm ?????????
???????
? 19?????????????????????????????????????
???????????????????CMFB?????????????????
???
? 20??4?????????????????????????????????
??????????? Vclk1?Vclk2 ? ON/OFF?????????????????
Vclk ? 4??????????????? Vout?Vout ???????????????
? Vout?Vout ??Sw0 ? Sw1?Sw8 ??????? 1????????????????
? 21????????????????????3.3???????????????
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3 ???????????????????????
? 21 ??????????????
4????????????????? Sw0 ????? Sw1?Sw8 ??????????
??? SwF ? 1/4??????????????????? Sw0 ??? C0 ?????
???? Vhigh ?????????????? Sw1?Sw8 ??????????????
??????? Vlow ? Vsel[2:0]?????????????????????????
????????????????????????????????????????
?????????????????????????????????
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3 ???????????????????????
???????????????????? Vout ???+-??????????+-
????????????C0 ?????????? C8 ??????????????
C8 ? C0 ???????????? 23???? Vout ??????????????-
???????
3.5 ?????????
???????????????? 130nmCMOS ?????????????? 22
????????????????????????? 160um  260um????
? 23????????????????????????????????????
???32 ?????????????????????? C1?C4 ?????? 0.1pF
????
??????????????? VOUT ????? 0.4V?????? 0.8mV ???
??? (3.3)??????? 0.8mV???????? 0.04%??????
???????3=0.5LSB??????? 0.6pF???????????0.6pF??
????????????? A/D ????????10bit ?????????? kT/C
????????????????????????????????????????
?????????? A/D???????????????????????????
??????
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3 ???????????????????????
? 22 ??????
? 23 ?????????????
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3 ???????????????????????
3.6 ???
??????? A/D?????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????
130nmCMOS ????????????????????????????? MIM
????????????????? 10bit ?????????? kT/C ??????
????????????????????????????????????????
???????
45
????
[1] S. H. Lewis, H. S. Fetterman, J. G. F. Gross, R. Ramachandran, and T. R.
Viswanathan, \A 10-b 20-Msample / s Analog-to-Digital Converter," IEEE J.
of Solid-State Circuits, pp. 351{358, Mar. 1992.
[2] K. Y. Kim, N. Kusayanagi, and A. A. Abidi, \A 10b 100MS/s cmos A/D Con-
verter," IEEE J. of Solid-State Circuits, vol. 32, pp. 302{311, Mar. 1997.
[3] A. M. Abo and P. R. Gray, \A 1.5-V, 10-bit, 14.3-MS/s CMOS Pipeline Analog-
to-Digital Converter," IEEE J. of Solid-State Circuits, vol. 34, pp. 599{606, May
1999.
[4] J. L. McCreary and D. A. Sealer, \Precision capacitor ratio measurement tech-
nique for integrated circuit capacitor array," IEEE Trans. Instrum. Meas., vol.
IM-28, no. no.1, pp. 142{147, Mar. 1979.
[5] J. Hunter, P. Gudem, and S. Winters, \A dierential oating gate capacitance
mismatch measurement technique," in Proc. 2000 Intl. Conf. Microelectronic Test
Structures (ICMTS 2000), pp. 142{147, Mar. 2000.
4 ??????????????????????????????????
10BIT,80MS/S?????? A/D???????
4 ??????????????????????????
???????? 10bit,80MS/s?????? A/D???
????
4.1 ????
?????????????????????????????1?????????
????????????????????????????????????????
???????????????????????????????????????
??A/D??????????????????????????????? 1???
??????????????????????????
??? FOMA?????????????????? (3G)???????????
???????????????????? (4G)??????????????A/D?
??????????????????MS/s?????? 10bit??????? 100mW
???????????????????? A/D?????????????????
??????????????? A/D???????????????????? [1][2]
????????????????????????????????????????
?????????????????
??????????? 1.5bit/stage?????????????? 10bit?????
??? A/D??????????????? 24????
? 24? 10bit?1.5bit/stage???????????? A/D???????????
???????????9????????????????????????????
???????????2bit ??????? A/D ????????????????
??1.5bit??????? A/D?????? Sub-ADC??A/D??????????
?????????????????????? MDAC(Multipling Digital-to-Analog
Converter)???????
??????? A/D?????????????????????????? [1]?
???????????MDAC?????????????????????????
???????2????????????????????????????????
?????????????????????? (folded-cascode) ?????????
(telescopic)??????????????????????????
???????????????????????????????????????
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4 ??????????????????????????????????
10BIT,80MS/S?????? A/D???????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????? GND??????????????
??????????????????????????????????????
??????????? A/D?????????????????????????
????????????????????A/D?????????????????
?????
????????????????????? [2]????????????????
???????????????????????1?????????2??????
???????????????? 1????????? A/D???????????
??????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????2???????
??????????????????????????2?????????????
?????
? 25 ??????????????? T/H ??????????????????
? 24 ???? 10bit??????? A/D???????????
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4 ??????????????????????????????????
10BIT,80MS/S?????? A/D???????
? 25 ????????????? T/H?? (?????????
??????????????????????????????????????
????????????? T/H ?????????????????? 25 ???
??SW1?SW3????SW2?????????????????????????
????????????????????????????????????????
?????? Vgs ?????????????? Cs ???????????????
?? Vin?Vgs ????Vin   Vgs ????????????????SW1?SW3 ??
??SW2????????????? Cs ????????????????????
??????????? Vout ???????? Cs ????? Vin   Vgs ????? Vgs
=Vin ????????????????? Vin ???????
????????????????????????????? (Common-Mode
FeedBack:CMFB)???????????????????????????????
????????????????????????????????????????
DC??????????????????????????????????????
????????????????????????????????????????
????????????????2???????????????????????
?????????????????????????????1??????????
????????????????????????????????????
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4 ??????????????????????????????????
10BIT,80MS/S?????? A/D???????
??????????????????????????????????????
??????????????????????????????????????
???????????????????????????????????????
130nmCMOS ??????????? 10bit????? 80-MS/s ??????? A/D
????????????????????????????? A/D ????????
???? 55mW??????
4.2 ?????????
???????????????????????????????????????
????????????????????
???????????????????????????????????????
??????? DC??????????????????????? A/D?????
????????????????????????????????????????
?????????????????????????????????? 2?????
??????????????????????
???????????????????????????????????????
?????????????
???????????????????????????????????????
??????????? DC ???????????????????? 2 ?????
??????????????????? 2?????
? 26(a)??DC????????????????? T/H???????????
????????????????????
T/H ??????????????????????? MDAC ?????????
???????Gm1?Gm2 ???????T/H?????MDAC?????????
?????????????????C1?C2 ???????????????????
??????????C1?C2 ??????????????????????????
????????????????????????????????????????
???????????????????T/H??????? 1=Gm1 ?????? Vs
????
?????? 1 ????????? C = C1 + C2 ?????
1 =

1
Gm1
+
1
Gm2

C (4.1)
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4 ??????????????????????????????????
10BIT,80MS/S?????? A/D???????
? 26 T/H??????????????? (a)DC??????????????
???(b)DC????????????????
????
?? C ??????????????????????A/D???????????
?????????????? Gm1?Gm2 ????????????
? 26(b)??DC????????????????? T/H???????????
????????????????????
??MDAC???????????????Gm2 ??????????
2 =

1
Gm1

C (4.2)
????
????? DC?????????????????????????????? 2?
????????????????
DC???????????????4.6????????? T/H?????MDAC
???????????????????????????1=Gm1=1=Gm2 ?????
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4 ??????????????????????????????????
10BIT,80MS/S?????? A/D???????
????????????????????????????????????????
????DC????????????????DC????????????????
???????? A/D?????????????????????????????
????????????????????????????????????????
????????????????
???????????????????????????????????????
??????????????????????????????
4.3 ???
4.2???????????????130nmCMOS?????????2??????
???? A/D????????????? 2??? A/D????????? DC??
?????????????????????????????????????2??
??????????????????????????????????????
???? A/D?????2.5V? 1.8V? 2??????????????T/H???
MDAC?????? 2.5V???????????SubADC????????????
????????????? 1.8V????????????????????????
???1Vpp????
? 27?????? A/D???? T/H?????MDAC????????????
?????????
??? 1?????????????????????????????
??????? A/D ????????????????????????????
????????????????????????????? DC ????????
???? DC?????????????T/H????? MDAC?????????
27?????? PMOS? NMOS????????????????????????
??????????????2??????????????MDAC???????
??????????????????? DC?????????NMOS???????
PMOS????????????????????????????????????
????????????????
???????????????????? 28 ????????????????
???????????? (Switched-Capacitor Common-Mode Feedback:SC-CMFB)
?? [3]?????????????
T/H?????????????????? 3pF(??)?????????????
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4 ??????????????????????????????????
10BIT,80MS/S?????? A/D???????
? 27 ???????????????????
? 28 ?????????????????????????
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4 ??????????????????????????????????
10BIT,80MS/S?????? A/D???????
????????????????????64 m/0.4 m????A/D??????
????????????????????????????????????????
????????????????? [4]?????????????????????
???????????????????????????????????????
? 29 ????????????
????????????????????????????????????? 29
???????????????????????????????????????
???????? Vref+?Vref  ???????? A1?A2????????????
????????Vref+?Vref  ?????????????????????????
?????????????????????????????????IC?????
??? C3?C4 ????????????????????????????????
???????????????????????????? L1?L2????????
??????? C3?C4??????????????????????????IC?
?? 100pF?????????????????????????????? A1?A2
???????????????????????????????????????
???????? 30 ?????????????????????????????
(Metal-to-Metal Capacitor:MOM Cap)[5]??????MOM Cap?????????
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4 ??????????????????????????????????
10BIT,80MS/S?????? A/D???????
? 30 ?????????????????????
????????????????????????????????????????
???
4.4 ????
? 31?????? 2?????????? A/D?????????????? 31(a)
????????????????? A/D???????NS-ADC(Nonsharing ADC)
???) ???????NS-ADC ???????? 1:4mm  1:0mm ????? 31(b)
?????????????????? A/D???????AS-ADC(Amplier sharing
ADC)???) ???????NS-ADC???????? 1:3mm 0:9mm?????
31???????? C0??? 30?MOM Cap???????????
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4 ??????????????????????????????????
10BIT,80MS/S?????? A/D???????
? 31 ??????????? A/D ????????? (a) ?????????
?? (Nonsharing ADC:NS-ADC) (b) ??????????? (Amplier sharing
ADC:AS-ADC)
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4 ??????????????????????????????????
10BIT,80MS/S?????? A/D???????
? 32 ??????? 0.99MHz?? SNDR????
? 33 ???? 80MS/s?? SNDR????
57
4 ??????????????????????????????????
10BIT,80MS/S?????? A/D???????
? 32????????? 0.99MHz?????????????? (SNDR)????
?????NS-ADC? SNDR?????? 20MS/s??? 57.5dB????? 80MS/s
??? 56.6dB ?????SNDR ????????????? (Eective Numbers of
Bits:ENOB) ?????? 9.3bit?9.1bit ?????AS-ADC ? SNDR ??????
20MS/s??? 58.1dB????? 80MS/s??? 55.3dB?????SNDR?????
???????? (Eective Numbers of Bits:ENOB) ?????? 9.4bit?8.9bit ?
???????? 80MS/s??????? NS-ADC? 69.4mW?AS-ADC? 54.7mW
?????
??????????????????? 10bit????? 100MS/s???????
??? A/D??????NS-ADC? AS-ADC??????????????????
???? [6] [7]?????? ENOB??? 9bit??????ENOB? 9bit?????
????????????????????????????? NS-ADC ??????
????????????????????? A/D???? 1???? [2] [8] [9]?
? 34 ???? 80MS/s???????? 0.99MHz?? FFT? (NS-ADC)
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4 ??????????????????????????????????
10BIT,80MS/S?????? A/D???????
NS-ADC? AS-ADC??????????????????????? 22%???
???????????????4.2???????????????????????
? DC ???????????? NS-ADC ???????????????????
???????????????????????????????????????
??????????????????????? 22%??????????????
????
? 33 ?????? 80MS/s ?????????? SNDR ????????????
???????? 40MHz?????NS-ADC? SNDR? 53.1dB?AS-ADC? SNDR
? 52.3dB????????? A/D?????????????????????3dB
?? SNDR????????
? 34?????? 80MS/s????????? 0.99MHz????????? FFT?
????????????????????????????????????????
???????? (Sprious Free Dynamic Range:SFDR)??? 70dB?????
? 35????????? 0.99MHz????? 80MS/s??????????DNL/INL
???????? 35(a) ? NS-ADC ????????? DNL/INL ??????
+0.66LSB/-0.60LSB?+0.98LSB/-0.84LSB?????? 35(b)?AS-ADC?????
????DNL/INL??????+0.61LSB/-0.73LSB?+1.37LSB/-1.45LSB?????
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4 ??????????????????????????????????
10BIT,80MS/S?????? A/D???????
? 35 ???? 80MS/s???????? 0.99MHz?? DNL/INL(a)NS-ADC(b)AS-ADC
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4 ??????????????????????????????????
10BIT,80MS/S?????? A/D???????
4.5 ???
A/D ????????????????????2 ???????????????
????????????????
???????????????????????????????????????
????????????????????????????
???????????????????????? 2?????????? A/D?
??????????????????????????????? A/D??????
??? 69.4mW ???????????????????? A/D ?????????
54.7mW?????
?????????????????????????????? 22%??????
???????
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4 ??????????????????????????????????
10BIT,80MS/S?????? A/D???????
4.6 DC ???????????????????? A/D ??????
????????????????
?????????????T/H ??? MDAC ????????????????
????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????? DC????????
????
4.2?????????????  ??
 =

1
Gm1
+
1
Gm2

C (4.3)
????Gm1?Gm2 ???????????????????????????
2??????????????? Ibias ??
Ibias = Ibias1 + Ibias2 (4.4)
= K (Gm1 +Gm2)
????Ibias1?Ibias2 ???????????????????????K ?????
?????????????????????????????????????
2??????????????????????????
Ibias
Gm1
= K

1 +
Gm2
Gm1

= 0 (4.5)
????
(4.3)??(4.5)????
Ibias
Gm1
= K
Gm1(Gm1   2C=)
(Gm1   C=)2 = 0? (4.6)
????
(4.6)????Ibias ??Gm1 = Gm2 = 2C= ?????????
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5 ?????????????????? A/D????????????????
5 ?????????????????? A/D?????
???????????
5.1 ????
4???????? 80MS/s???????? A/D???????????????
??????? 200MS/s??????? 10bit??????? A/D?????????
??????????? 90nm CMOS????????????? 105mW??????
? 36 ??????? A/D?????????
? 36????????? A/D???????????????????? A/D??
?????????????? (S/H) ????????????????? (Logic) ?
??????????????????????????? (Comparator)??????
Sub-ADC????MDAC???????????????????Sub-ADC????
????
S/H???MDAC??????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????? A/D????????????
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5 ?????????????????? A/D????????????????
????????????????????????????????????????
??????????????????????????? [1][2]?
??????? A/D ?????????1 ???????????? A/D ????
???? (bit/stage)??????????????????????????????
?????? [3]????????????????????????????????
?????????????????? bit/stage??????????????? 1?
????
?? [3]????????????????????? bit/stage?????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????? bit/stage???
????????????
5.2 ??????????????????
5.2.1 ?????
??????? A/D?????????????????????????????
????????????????????????????????????????
?????????? [3]?
? 37 ??????????????????
? 37????????????????????????????????????
?????????????????????????????
65
5 ?????????????????? A/D????????????????
???????????????????????????????? gm?????
? CL???????????  ?????
fclbw =
gm
CL
 (5.1)
??????
???? CL??????????  ???????
CL = C3 +
C1C2
C1 + C2
; (5.2)
 =
C2
C1 + C2
; (5.3)
????
?????????? 1????????????????????? Ibias ????
????????????????? Vgs   Vth ? gm ??????
Ibias / gm(Vgs   Vth) (5.4)
??????
???? 90nmCMOS ??????????????? 1.2V ?????????
????????????? 100mV?200mV ?????????????????
Vgs   Vth ???????????(5.4)??????????????? gm ?????
??? Ibias ?????????????
5.3 ???????????????????????????S/H ???????
?????  ? 1(C1=0) ???????1.5bit/stage ?????????? A/D ??
??????MDAC ??????????  ? 1/2(C1=C2) ????????S/H ?
??MDAC??????????????? (5.1)???MDAC??????????
S/H?????????????????????????MDAC?????????
????????S/H??? 2??????????
????2.5bit/stage?????????? A/D???????S/H???????
?????  ? 1(C1=0)?MDAC ??????????  ? 1/4(C1=3 C2) ????
S/H???MDAC??????????????MDAC?????????????
??S/H????????? 4?????
???????????????????????????????1???????
??????? (bit/stage)???????????????
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5 ?????????????????? A/D????????????????
5.2.2 ??????
CMOS ???????????????????????????????????
????????????????????????????????????????
??????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
???????????????????????
fSR ? A/D?????????VFS ??????????????????????
????????????????????????????????????????
???
2fSRVFS (5.5)
??????
??????????????????? 2fSRVFS ??????????????
?????????????????? Ilim ??Ilim = 2fSRVFSCL ????????
???????????????????????Ilim ??????????  ???
????
???????????????????????????S/H???MDAC???
??????????????? CL ??????1?????????? bit????
?????????????????? CMOS ?????????????????1
?????????? bit????????????????????????????
????????????????????????5.2.1?????????????
??????????????
67
5 ?????????????????? A/D????????????????
5.3 ????????
????????? 10bit ???????? A/D ????????1.5bit/stage?
2.5bit/stage?3.5bit/stage ? 3 ?????????????? A/D ????????
??????????????????????????????????? bit/stage
??????????????????
5.3.1 ??????????????
????????????????????????S/H ???????????
MDAC ???????????? kT/C ???????S/H ??????????
Vs0????????? N?????? k???MDAC???? Vsk(k=1?N)???
?????? kT/C????????????? Vntotal2 ??
Vntotal
2
=
kT
Cs0
+
kT
Cs1
+

1
A
2
kT
Cs2
+   +

1
A(N 1)
2
kT
CsN
(5.6)
??????
????A???????? 1?????????????S/H?????? 1??
????MDAC???????????? kT/C??? kT=Cs1 ??????????
????????????2 ????? MDAC ????? kT/C ??? kT=Csk(k=2
?N)?????????????????MDAC?????? 2?????????
???
???? 2????????? kT/C????????????k??? (k+1)??
????????????????? Vnoise2 ??
Vnoise
2
= 
"
kT
Csk
+

1
A
2
kT
Cs(k+1)
#
(5.7)
???????????????
???????????????????????????????????????
?????????Csk ? Cs(k+1) ???? R?
R =
Csk
Cs(k+1)
(5.8)
????
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5 ?????????????????? A/D????????????????
? (5.7)?? (5.8)??????????????
Csk + Cs(k+1) = 
kT
Vnoise
2

R
A2
+
1
R
+ 1 +
1
A2

(5.9)
?????
? (5.9)???? R???????? R?????????
d
dR
 
Csk + Cs(k+1)

= 
kT
Vnoise
2

  1
R2
+
1
A2

= 0 (5.10)
? (5.10)???R??????
R = A (5.11)
?????
?????????????????1.5bit/stage?2.5bit/stage?3.5bit/stage ?
MDAC ???????? A ?????? 2?4?8 ???????????? 2 ??
???????????????????????????????????????
????? 1/2?1/4?1/8????????????????S/H??????MDAC
??????????? S/H??????? A? 1????S/H?????MDAC?
????????????????????
5.3.2 S/H??
? 36 ????????????????????? A/D ????????????
??????????????????????????? S/H?????????S/H
???????????????????????????????????? 2???
?????????????????????
? 38(a)??S/H???????????????????????????????
????????????????????????????????????????
?? Vin0 ??? Cs0 ??????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
?????????? 38(b) ??S/H ??????????????????????
? Cs0 ???????????????????????????????? (Stage1)
??? Cs1 ??? Vout0 ????????????? Ci0 ????????????
???? Co0 ???????????????? Ccomp ? Stage1 ?????????
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5 ?????????????????? A/D????????????????
? 38 S/H?? (a)??????? (b)???????
??? 1???????????????Stage1?????????????? B ??
1.5bit/stage?2.5bit/stage?3.5bit/stage??????? 2?6?14????
?????? 37???? C1?C3 ????????????
C1 = Ci0 (5.12)
C2 = Cs0 (5.13)
C3 = Co0 + Cs1 +BCcomp (5.14)
????
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5 ?????????????????? A/D????????????????
5.3.3 1.5bit/stage
? 39 1.5bit/stage??
? 40 1.5bit/stage ??? MDAC(a) ??????? (b) ???????
(StageK(K=1?7))(c)??????? (Stage8)
? 39??1.5bit/stage????????????????????????????
??????? S/H??????????9????????????????????
SubADC ???????? (Stage9) ??? 8 ??????????????????
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5 ?????????????????? A/D????????????????
??????????????????S/H?????? 9?????????????
Stage9??MDAC??????2bit? A/D????? 3?????????????
? SubADC????????
? 40(a)??K(K=1?8)???????????MDAC????????????
????????????? Csk ???????????????????
? 40(b)??K(K=1?7)???????????MDAC????????????
????????????? Csk ????????????????????????
??????????? (Stage(K+1))??? Cs(k+1) ??? Voutk ?????????
???? Cik ???????????????? Cok ???????????????
? Ccomp ? Stage(K+1) ???????????? 1 ???????????????
1.5bit/stage??????????1????????? 2?????????????
? 2Ccomp ????
?????MDAC????? A??
A =
Csk + Cik
1
2Csk
(5.15)
????????????????? Cik ???????A = 2????
? 37???? C1?C3 ????????????
C1 =
1
2
Csk + Cik (5.16)
C2 =
1
2
Csk (5.17)
C3 = Cok + Cs(k+1) + 2Ccomp (5.18)
??????
? 40(c) ??Stage8 ? MDAC ???????????????????? 40(b) ?
???????? Stage9??MDAC??????SubADC????????????
????3??????????????? 3Ccomp ???????????????
? 37???? C1?C3 ????????????
C1 =
1
2
Cs8 + Ci8 (5.19)
C2 =
1
2
Cs8 (5.20)
C3 = Co8 + 3Ccomp (5.21)
?????
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5 ?????????????????? A/D????????????????
5.3.4 2.5bit/stage
? 41 2.5bit/stage??
? 42 2.5bit/stage ??? MDAC(a) ??????? (b) ???????
(StageK(K=1?3))(c)??????? (Stage4)
? 41??2.5bit/stage????????????????????????????
??????? S/H??????????5????????????????????
73
5 ?????????????????? A/D????????????????
SubADC ???????? (Stage5) ??? 4 ??????????????????
??????????????????S/H?????? 5?????????????
Stage5??MDAC??????2bit? A/D????? 3?????????????
? SubADC????????
? 42(a)??K(K=1?4)???????????MDAC????????????
???????1.5bit/stage????????? Csk ????????????????
???
? 42(b) ??K(K=1?3) ??????????? MDAC ???????????
?????????????? Csk ? 1/4 ???????????????????
????????????? (Stage(K+1))??? Cs(k+1) ??? Voutk ???????
2.5bit/stage??????????1????????? 6?????????????
? 6Ccomp ????
?????MDAC????? A??
A =
Csk + Cik
1
4Csk
(5.22)
????????????????? Cik ???????A = 4????
? 37???? C1?C3 ????????????
C1 =
1
4
Csk + Cik (5.23)
C2 =
3
4
Csk (5.24)
C3 = Cok + Cs(k+1) + 6Ccomp (5.25)
??????
? 42(c) ??Stage4 ? MDAC ???????????????????Stage5 ? 3
??????????????? 3Ccomp ???????????????
? 37???? C1?C3 ????????????
C1 =
1
4
Cs4 + Ci4 (5.26)
C2 =
3
4
Cs4 (5.27)
C3 = Co4 + 3Ccomp (5.28)
?????
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5 ?????????????????? A/D????????????????
5.3.5 3.5bit/stage
? 43 3.5bit/stage??
? 44 3.5bit/stage ??? MDAC(a) ??????? (b) ???????
(Stage1)(c)??????? (Stage2)
? 43??3.5bit/stage????????????????????? 3????S/H
??? Stage1?2 ?? 3 ???????????????? (Stage3) ??4bit ? A/D
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5 ?????????????????? A/D????????????????
????? 15?????????????????
? 44(a)??K(K=1?2)???????????MDAC????????????
????????????? Csk ???????????????????
? 44(b) ??Stage1 ? MDAC ????????????????????????
? Cs1 ? 1/8 ?????????????????????????? Stage2 ???
Cs2 ??? Vout1 ???????3.5bit/stage??????? Stage3????1????
????? 14?????????????? 14Ccomp ????
?????MDAC????? A??
A =
Csk + Cik
1
8Csk
(5.29)
????????????????? Cik ???????A = 8????
? 37???? C1?C3 ????????????
C1 =
1
8
Cs1 + Ci1 (5.30)
C2 =
7
8
Cs1 (5.31)
C3 = Co1 + Cs2 + 14Ccomp (5.32)
??????
? 44(c)??Stage2?MDAC???????????????????Stage3??
????? 15Ccomp ???????????????
? 37???? C1?C3 ????????????
C1 =
1
8
Cs2 + Ci2 (5.33)
C2 =
7
8
Cs2 (5.34)
C3 = Co2 + 15Ccomp (5.35)
?????
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5 ?????????????????? A/D????????????????
5.3.6 ???????????????
???????????????????????????????????????
?????????????????A/D????????????????????
????????????????????????????????????????
??????
?????????90nmCMOS???????????? 200MS/s? S/H????
????????????????????????????????????????
??????????????1.5bit/stage,2.5bit/stage,3.5bit/stage????????
???????????????????????? [4]??????????????
?????????????????5.3.1????????????
5.3.7 CMOS??????? bit/stage???
???? 200MS/s???? 10bit ???????? A/D ????????????
??? CMOS ???????????????????????5.2.1 ???????
? 5.2.2????????????????????????????????????
?????????????????? (ITRS)??????
? 45???????????????5.2.1???????????????????
????????????????????????????MDAC????????
??  ????????? 1.5bit/stage???????
? 46 ???????????????????????????????????
??????????????????90nmCMOS????????????????
2.5bit/stage?????????????
??????????????????????90nmCMOS ??????????
1.5bit/stage??????????????????????????????????
?????MDAC??????????????????S/H??? 1.3??????
??????1.3????????????????????? 2???????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????kT/C????????????????
????????????????????????????????????????
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5 ?????????????????? A/D????????????????
? 45 ???????????? (?????)
? 46 ???????????? (??????)
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5 ?????????????????? A/D????????????????
???????????????????????????????????? A/D?
?????????????????????????
3.5bit/stage???????????????  ?????200MS/s???????
???????????????????????????????????????
???????????????????????????????????????
?????????????????????????????????1.5bit/stage?
2.5bit/stage?????????????
5.4 ???
???????????????10bit?200MS/s ???????? A/D ????
90nmCMOS ???????????????? 1.8mm  1.4mm ????????
1.2V????????? 105mW?????
????? DNL??? INL??+0.89LSB/-0.75LSB?+1.45LSB/-1.44LSB???
??SNDR????????? 10MHz? 54.2dB???????????? 8.7ENOB
?????
? 1 ?????? 10bit ??????? A/D ????????????????
FoM(Figure of Merit)???????????????????Pdiss=fSR2ENOB ???
??????????????????? A/D??????????????????
??????????? 1.5bit/stage???????????????????????
???
Technology bit arr. ENOB fSR Pdiss 1/FoM
[nm] [bit/stage] [bit] [MHz] [mW]
Thiswork 90 1.5 8.7bit 200MHz 105mW 8:0 10 11
Hernes [1] 130 1.5 8.7bit 220MHz 135mW 6:8 1011
Yoo [5] 180 4 8.4bit 150MHz 123mW 4:1 1011
? 1 10bit????????? A/D???????
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5 ?????????????????? A/D????????????????
5.5 ???
??????? A/D???????????????????? bit/stage????
????????????????????????????????????????
????????
????????????????????? 90nm ?????????200MS/s?
10bit ???????? A/D ???????????1.5bit/stage ?????????
???????????S/H?????MDAC??????????????????
1:1.3 ?????????????????????????? 1:2 ????????
???
??????????1.5bit/stage?????A/D????????????????
???????? A/D??????????????????????????????
?????????????????? A/D???????????????????
?????????? bit/stage????????????????????????
????????????????????????????????????????
?????????
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6 4G????????? 55MW, ???? 1.2V, ??? 12BIT, ???? 100MS/S
??????? A/D???
6 4G????????? 55mW, ???? 1.2V, ???
12bit, ???? 100MS/s??????? A/D???
6.1 ????
????????????????? (4G)?? 90nmCMOS???????????
????? 1.2V???? 12bit????? 100MS/s????????????????
??? A/D??????????????????
?????????????????? 4G???????A/D?????????
??? 100MS/s?????? 10bit???????????????????????
?????????????????????? 100mW??????????????
????????????????????????????????????????
????????????????????????????????? CMOS???
?????? A/D?????????????
??????????????? A/D???????????? [1]???????
???????? 1.8V?????????????1.2V???????? 90nmCMOS
???????????????????????
??? CMOS??????????????? A/D??????????????
????????????????????????????CMOS ????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????
??????? A/D??????S/H?????????????????????
???????? kT/C???????????kT/C?????????????? C
????????????????????????????????????????
C ??????????????????????????????????S/H ??
?MDAC??????????????????????????????? A/D?
?????????????
???????????????????????????????????????
????????????????????????????????????????
??????????????????????????????????
??????????????????? bit/stage ???????????????
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6 4G????????? 55MW, ???? 1.2V, ??? 12BIT, ???? 100MS/S
??????? A/D???
????????? 2.5bit/stage?????????????????????????
?? I/Q??????????? [2][3]??????????????????????
????????????????????????????????????????
?????????????????????????????????? 2?????
?????????????????????????????12bit????????
??? DC??????????????????? 1.2V??????? 55mW??
??????????????????
6.2 ?? bit/stage??
????????????????????? bit???????
12bit??????????????kT/C???????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????
5.3.1??????????????????????????????? bit????
?????1?????????????????????kT/C??????????
????????????????????????
5??????????????????????????????????????
????????????2.5bit/stage??????????????????????
????????? 1.5bit/stage????? 15%?????????????????
????
6.3 I/Q???????????
????????????????? I/Q??????????? [3]???????
????????????
????????????????????????? 1 ????????????
????????????????????????????????????????
???
? 47?????????????????????????????????????
1 ???????????????????? 2 ??????????????? [4]?
??1????? Ts????????????????????????????? 2
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6 4G????????? 55MW, ???? 1.2V, ??? 12BIT, ???? 100MS/S
??????? A/D???
? 47 ?????????????? (a)t=0(b)t=Ts/2[4]
????????????????????????????????????????
???????????????? (Ts/2)????????
? 47(a)??t=0???????????????????????????????
?????????4??????????????????????????????
????????????????????????????????????????
????????????????????????????????????
? 47(b)??t=Ts/2?????????????????????????????
??????????????????t=0 ???????????????????
?????????????????????????A/D????????????
???????????????????????????????????????
???
???????5.3.1?????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
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6 4G????????? 55MW, ???? 1.2V, ??? 12BIT, ???? 100MS/S
??????? A/D???
? 48 I/Q??????????? (a)t=0(b)t=Ts/2[3]
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6 4G????????? 55MW, ???? 1.2V, ??? 12BIT, ???? 100MS/S
??????? A/D???
????????????????????????????????????????
?????????????????????????????????????????
??????????????????????????????? S/H??????
????????????????????????????????????????
???????? 4???????????????????????????????
????? 22%?????
????????????????????????????????? I/Q ???
???????? [2][3]????
???????? IC?????????????????????????????
????????????????????????? 90???????? 2????
???????????I?? (In-phase Signal)? Q(Quadurature Signal)?????
????????????????? A/D???? 2???????I/Q??????
?????????? I???? Q???? 2????????? A/D???????
????????????????????
? 48??I/Q???????????????? 48(a)??t=0?????????
?? Ich?? A/D???????? Qch?? A/D???????????Ich????
???????????????????S/H ??????????????????
?????????????Qch????S/H??????????????????
?????????????????????Ich? Qch? 2ch?????????? 9
??????????????????????????
? 48(b)??t=Ts/2????????Ich/Qch?????????????Ich??
??S/H????????????????????????????????????
???Qch???????????????????????S/H??????????
????????????????????????????????????????
????????????????I/Q??????????????????????
S/H?????????????????????????
I/Q??????????????? 47??????????1ch????????
?????????????????????????????? 2?? A/D????
????????????????????????????????????????
????????????????????????????????? A/D????
????? 50%????????????
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6 4G????????? 55MW, ???? 1.2V, ??? 12BIT, ???? 100MS/S
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6.4 ???????
2
2
Stage1
Qch
Ich
2.5
2.5
Qch
Ich
Amp0
S/H
Analog In
(I-ch)
Analog In
(Q-ch)
Stage6
Digital Error Correction Block I
12
Digital Out
(I-ch)
Digital Error Correction Block Q
12
Digital Out
(Q-ch)
Amp1
Stage 5
Qch
Ich
2.5
2.5
Amp5
2b
Flash I
2b
Flash Q
(a)
MDAC
6
6
Decoder
I
2.5
Decoder
Q
2.5
Analog
In
Digital
Out
Digital
Out
Bubble
Correction
6
Comparator
Bubble
Correction
6
Comparator
I-ch 2.5bit Flash
Q-ch 2.5bit Flash
+5/8V
ref
+3/8V
ref
+1/8V
ref
-5/8V
ref
-3/8V
ref
-1/8V
ref
+V
ref
-V
ref
Full
Scale
Amp
Analog
Out
SC I
SC Q
(b)
? 49 (a) I/Q ??????????????? 2.5bit/stage ??????? A/D
??? (b) ????????
? 49(a)??I/Q??????????????? 2.5bit/stage??????? A/D
?????????????I?? (Ich)?? Q?? (Qch)?? 2?? A/D?????
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6 4G????????? 55MW, ???? 1.2V, ??? 12BIT, ???? 100MS/S
??????? A/D???
?????
??? A/D?????S/H???6??????????????????????
???????3????????????????????????????????
Ich? Qch??? 1???????????????????? [5]?????1???
???????? 2?? A/D????????????????????Ich? Qch?
2?? A/D??????????????????????????????????
?????????????????????????????????? [2]?
? 49(b)?????????????????????????MDAC? 2?? 2.5bit
?? A/D ????????????????MDAC ??????1 ????????
Ich???????? (SC I) ? Qch???????? (SC Q)??????????
2.5bit ?? A/D ???????????????6 ???????????????
???????????????????????????????????????
???????? [6]???????????????????????????? Vmax
???? Vmin ????????????????????????????????
??????????????????? Vref (Vref = Vmax   Vmin) ??????
?? 1=8Vref , 3=8Vref , 5=8Vref ??????????????Vmax ? Vmin ??
MDAC????????????????????????????????????
???????????????????????
2.5bit?? A/D???????????????????????????????
????? 6bit????????????????????????????????
??????????????????????????????A/D???? S/N?
???????????????????????????????2.5bit?? A/D?
???????????????????? 2 ??????????? [7] ?????
???
? 49(a)???????????????????????????????????
??????? (Digital Error Correction Block)?????????????????
????????????????????????????????????????
??????????????????????????????????6bit????
?????????????????????? (Decoder)? 2.5bit????????
?????????????
? 50??Ich? A/D????????????Qch? A/D???????????
??????MDAC???????Ich? Qch? 2?? A/D???? 1??????
??????????????? SW I????? SW Q?????????
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SW_I
Sampling
SW
Sampling
SW
SW and
Control Logic
SW_I
From
I-ch
2.5bit Flash
6
Vin+
Vin-
From
Q-ch
2.5bit Flash
6
Vout-
Vout+
Amp.
SW_Q
Sampling
SW
Sampling
SW
SW and
Control Logic
SW_Q
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? 50 I/Q??????????????MDAC(Ich??????????Qch?
????????)
??????? A/D ?????????????????????????? S/N
????????S/N?????? 1??????????????? (SamplingSW)
? On ????????????????????10bit ????? S/N ??????
? S/H??????MDAC???????????????????????????
????????????MOS?????????????????????????
??On????????????????????????????????????
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6 4G????????? 55MW, ???? 1.2V, ??? 12BIT, ???? 100MS/S
??????? A/D???
????????????????????????????????????????
??????????? S/N?????? 2?????MDAC?????? CMOS?
?????????
6.5 ???????????????????????
A/D?????????????????????????????????????
???????????????????????????????????????
?????????????? [8]?2.5bit/stage???????????? 1???? 4
????????????????????????????????????????
????? 1/4????6.3???????????????????????????
???????????
S/H???????????A/D???????????????????????
???????2.5bit/stage???????? 2??????????????????
???????? A/D?????? 90%?????????????????????
???? 2????????????? S/H?????MDAC??????????
???????????????
???????????????????S/H ????? MDAC ????????
??????????????????4 ?????????????????????
[2]??????????????????????????????????????
??????????
???????????????????????????????????????
????????????????????????????????????????
???? (Common-Mode Rejection Ratio:CMRR)????????????????
????????????????????????????????????????
????????????????????????????????????????
?????? A/D???????????????????????????????
???????????1????????????????????????????
????????????????????????????????????????
??????????????????????????????????????A/D
?????????????????? [9]?
????????????????????????? 2 ????????????
????????????????????????????? CMRR???????
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6 4G????????? 55MW, ???? 1.2V, ??? 12BIT, ???? 100MS/S
??????? A/D???
???????????????????S/H?????MDAC??????????
????? 2??????????????????????????????????
????????
6.6 ??????????????
???????????????????????? 1??????????????
???
? 51(a)????????????????????????????M1?M2??
?????????????????????????M1?M2 ??????????
M3?M6?????????
??????????? A/D ?????????????????????????
???????Ich?????????? Qch???????????????????
????????????????????????????????????????
????????????????????????????????Ich? Qch???
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????M5?M6?????????M5?M6?????????????
????????????????????????????????????????
??????????M5?M6??M1?M2???????????????????
????????????M1?M2???????????M3?M4????????
?????????????M3?M6 ??????????????????????
????????????????????????????????M5?M6 ???
????????????????????????????????????M5?M6
????????????????????????????????????????
????????????????????????????????????????
?????????
? 51(b)???????????????????????????????????
??????????????1.2V???????????????????????
????????????????????????? [2][10][11]??????????
??????????? 2???????
?????? M7 ??????????? N1 ??????????????? M8
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M8M7
R
C
R
C
N1 N2
(b)
(a)
OUT-
IN+ M1
M3 M5
OUT+
IN-M2
M6 M4
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? 51 S/H ????? MDAC ??????????????? (a) ??????
(b)??????????
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? 52 ?????????????????????????? (a)???????
??? (b)??????? (?????? +??????????)
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??M7???????????????????????? N1??????????
? N2?????????????????????????????????????
????????????????????????????????????????
??????? 90dB??????12bit?????????????????????
????? 51(b)????????????????????????????????
RC?????1/RC?????????? N1??????????????????
??????????????????????????????
T
hold
0 T
hold
12bit
accuracy
C
0
C
1
C
0
Amp.
C
1
? 53 ????????????????????????????? (S/H??)
???????????????????????????????? (??????
?????????????)??????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
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6 4G????????? 55MW, ???? 1.2V, ??? 12BIT, ???? 100MS/S
??????? A/D???
?????????????????????? [12]?
? 52(a)???????????????????????????????????
????????????????????????????????????? 52(b)
????????????????????????????????????????
????????????????????????????????????????
????????????????????
???????????????????????????????????????
????????????????????????????????????????
?????????????????????????? [12]????????????
????????????????????????????????????
????????????????????????????? 53 ???????
???????????????????????????????????????
??????????????????????? S/H??????????????
????????????????????????????????????????
?? t=0 ??????? Vmax ??????? C0 ????????????????
????? Vmin ????? C1 ?????????????????????????
53??????????????????????????????????????
????????????????????????????????????????
t = Thold ????? A/D????????? 5ns???Ich/Qch??????????
??????????????????????????????Thold=4.6ns?????
????????? Vout ????????????? 0:024%???????????
??? 12bit??????????????????
??????????????????????? 1/10?????????????
????????????????
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6.7 ????
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Digital Error
Correction Blocks
? 54 ?????
90-nmCMOS??????????? 54????????????? A/D????
?????????????1.7mm  3.4mm???????????????????
??????????????MIM(Metal-Insulator-Metal)????????????
????????????????????? MOM(Metal-Oxide-Metal) ?????
????? [13]???????????????? 1.2V????
? 55????????? 2MHz?? SNR? SNDR?????????SNR???
??? 20MS/s?? 67.8dB?100MS/s?? 66.7dB????130MS/s?? 65dB???
????SNDR ??100MS/s?? 59.7 dB ????????????? (ENOB)??
? 9.63bit?????. ENOB?????? 100MS/s?? 9.6bit??????????
???? 100MS/s??????????????????????????????
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? 2 ????? 12bitA/D????????
Pdiss Vdd fSR SNR FoM1 FoM2
This work 55 mW 1.2 V 100 MHz 66.7 dB 0.69 0.83
Andersen [1] 97 mW 1.8 V 110 MHz 67.1 dB 0.65 1.2
Zjajo [14] 100 mW 1.8 V 80 MHz 66.3 dB 1.5 2.7
Loloee [15] 259 mW 3 V 80 MHz 65 dB 1.8 5.4
? 56 ?????? 100MS/s ?????????? SNR?SNDR ????????
??????????? 50MHz??????????????SNDR=56.2dB????
ENOB=9.04bit?????? 56????????????? A/D?????????
?????? ENOB9bit????????
???? 100MS/s?????1ch????????? 55mW???????????
????????????????????????????????? I??????
????????????? 100MS/s???12bit?????? A/D????????
????????? 55mW????????????????????SNR=66.7dB?
????????????
? I?????????????????????2??? FoM?FoM1? FoM2[16]?
????????????? fsamp?????? Pdiss?????? Vdd ?????FoM1
? FoM2?????????????
FoM1 =
Pdiss
fsamp2ENOB
[pJ=step];
FoM2 =
Pdiss
fsamp2ENOB
Vdd [pJV=step];
? I????????? A/D???? FoM1???????????????????
????????????????????????????????????? FoM2
????????????????????????
? 58 ?????? 100MS/s???????? 2MHz ?? FFT ??????
SFDR(Spurious-Free Dynamic Range)=69.9 dB?????
1???????? Ich? Qch? 2?? A/D??????????????????
?????????????????????????????? [2]?? 57??Ich?
????????????????????????????? Qch????????
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6 4G????????? 55MW, ???? 1.2V, ??? 12BIT, ???? 100MS/S
??????? A/D???
???????????????????????????2????????????
???? 50???????????? 57??????? 49 dB??????????
????????????????????????? A/D????????????
??????????????????????????
???? A/D???????? II??????
? 3 ?? A/D??????
?????? 90-nm CMOS
???? 1.2 V
???? 55.0 mW/channel
??? 12 bit
???? 100 MSPS
?????? 0.8 Vp p (dierential)
SNR 66.7dB@Fin=2 MHz
63.5dB@Fin=50 MHz
SNDR 59.7dB@Fin=2 MHz
56.2dB@Fin=50 MHz
SFDR 69.9dB@Fin=2 MHz
DNL +0.97/-1.00 LSB
INL +3.37/-3.40 LSB
?? 1.7 mm  3.4 mm (2ch)
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6.8 ???
??????????????? 12bit????? 100MS/s???????? A/D?
??? 90nmCMOS??????????
?????????????????????I/Q ????????????
2.5bit/stage??????????????????????????????????
? S/H?????MDAC??????
??????1.2V??????????55mW?????????????????
?????????????
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7.1 ????
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? 59 CMOS???????????? (ITRS2009)
? 59 ??2009 ?????????????? (International Technology Roadmap
for Semiconductors:ITRS) ???????????????????HP(High Perfor-
mance) ????????????????????????LOP(Low Opearation
Power)?????? PC????????????????????????????
??LSTP(Low STandby Power)?????????????????????????
???????????????????????????????????? LOP?
2010??2011???HP? 2012???????????? LSTP?? 2015??2016
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?????CMOS?????????? 0.9V???????????????????
A/D????????????????????????????????????
????????????????????????????????????????
?????????????????????????A/D????????????
?????????????????????????? S/N????????????
???????????? A/D?????????????????????????
?????
??????WLAN/WiMAX??????? 12bit????? 40MS/s? A/D??
????????????????????????????
??????? A/D ????????????????????S/H ??????
????????????????????????????????????????
?????? CMOS????????????????On????????????
????????????????????????????????????????
??????????A/D???????????? [1]?
????????? 2 ????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????? [2][3]?
????????????????????????????????????????
??????????????????????? A/D??????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????
???????????????????????????????????????
?? (Common-Mode FeedBack:CMFB)?????????????????????
???????????????????????????????CMFB?????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????A/D????????????????????? [4]?
?? 2 ???????????????????????????????????
????????????????????????????????????????
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?????????????????????? [2][5]?S/H????????????
????????????????????????????????????????
????????????????????????????????????????
[5]?????? [2] ? CMFB??????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???
???????????????2????????????????????????
????????????????????????????????????????
??????? [3][4][6]?????????????????????????????
?????????????????????????????CMFF(Common-Mode
FeedForward)????????????? [4]????? CMFF??? CMFB???
?????? [3]??????????????????? [4][6]??????????
????????????????????????????????????????
????? [3]??????????????? CMFF????? CMFB????
??????????????
???????????????????????????????????????
????????????????????????????????????????
??????Ich/Qch? 2?? A/D???????????????????????
????????????????????????????????????????
? 2 ???????? CMFB ??????????????S/H ?????????
????????????????????????????????
7.2 ?????????
? 60(a)????????????? A/D???????????????????
??????1.5bit/stage??????????????6?????? I/Q?????
???????? [7]??????? A/D????????? S/H???11?????
??????????????? (Digital Error Correction Block)?????????
????????????????? 2??????? 6??????????????
???????? S/H?????? MDAC???????????????????
106
7 0.9V?????????? 12BIT?40MS/S??????? A/D???
2
2
Stage1
Qch
Ich
1.5
1.5
Qch
Ich
Amp0
S/H
Analog In
(I-ch)
Analog In
(Q-ch)
Stage11
Digital Error Correction Block I
12
Digital Out
(I-ch)
Digital Error Correction Block Q
12
Digital Out
(Q-ch)
Amp1
Stage10
Qch
Ich
1.5
1.5
Amp10
2b
Flash I
2b
Flash Q
MDAC
Amp
Analog
Out
SC I
SC Q
1.5
Digital
Out
1.5Digital
Out
Analog
In
I-ch
1.5bit Flash
Q-ch
1.5bit Flash
(b)
(a)
? 60 (a)I/Q ????????????? 1.5bit/stage ??????? A/D ??
? (b)??????
????????2bit ????????? A/D ??? (2bit Flash) ????????
???
? 60(b)?????????????????????Ich?/Qch?? 2?? 1.5bit
????????? A/D ??? (1.5bit Flash) ????? ch ??????? 1 ?
? MDAC ????1.5bit ?? A/D ???? A/D ????????????????
MDAC?? ch???????????????????
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t
Vdd=0.9
V
V
t
Vdd=0.9
V
V
Sample Holdoff
Φ1
Φ1b
Φ1d
Sample Holdoff off
Φ2
Φ2d
Φ2b
Hold Sampleoff Hold Sampleoff off
+V
ref
V
com
-V
ref
I-ch
Sampling
Switch
Q-ch
Sampling
Switch
V
out-
V
out+
Φ1b
I/Q shared
Clock
boosting
circuit
Φ2b
V
in+
V
in-
Φ2
Φ1
Φ2
Φ1
Φ1d
Φ1d
Amp.
Φ1
Φ1
Φ1
Φ1
Φ2
Φ2
Φ2
Φ2
S
i
S
i
S
i
S
i
S
q
S
q
S
q
S
q
C
i
C
i
C
i
C
i
Φ2d
Φ2d
C
q
C
q
C
q
C
q
I-ch
Sub
DAC
From
I-ch
1.5bit Flash
1.5
Q-ch
Sub
DAC
From
Q-ch
1.5bit Flash
1.5
+V
ref
V
com
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ref
? 61 I/Q?????????????????MDAC?????????
? 61??MDAC????????????????????MDAC??1?????
????Ich/Qch????????????????????? D/A??? (SubDAC)
???????????????????????????????/????????
? +Vref/ Vref/Vcom ? 3 ?????????1.5bit ?? A/D ??????????
?????? 3????????????? 1???????????????????
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D/A????????? ch?????????????
????? On/O ??????????????????????????Phase1
???Ich????????????????????? Ci ?????????????
?????????Qch??1.5bit?? A/D????? A/D???????????
??????????????????????????????? Phase2 ???Ich
? Qch?????????????Ich?????????Qch???????????
???I/Q????????????????Phase1?????????? Si ? O?
?????? Sq ? On?????? On/O????Qch?????????????
???????????????????????????????Qch???????
???????????????Phase2?????????? Si ?On????? Sq ?
O???????? Ich?????????????Phase1? Phase2???????
??????????????????? O???????????????????
? 61???????????1 ??? 2 ???????????????????
????????1b ??? 2b ????????????????????????1d
??? 2d ???????????????????????????????????
??7.1????????????????????????????????????
??????????????????????????????I/Q????????
??????? (I/Q shared clock-boosting circuit)????????????? 0.9V
????????????????
??????????????????????????????????????
???????????????????????????????? O??????
????????????????????????????????????????
???????????????????????????? 1d ??? 2d ?????
?? 1 ??? 2 ???????????? O?????????????????
???????????????????????????
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7.3 Ich/Qch???????????????
N1 N2
M1
i
M3
i M2i
M4
i
M1
q
M3
qM2q
M4
q
I-ch
Sampling
Switch
Q-ch
Sampling
Switch
Φ
2
Φ
1
※Φ
1
(Φ
2
): inversed clock signal of Φ
1
(Φ
2
)
C2
M5
q
C1
M5
i
? 62 I/Q?????????????????
?????????????????????? On???????????????
????????????????????????????????????????
?????????????????????????????????????? On
??????????????????? [8][9]??????????????????
????????????????????????????????????????
????????????????????????????????? O?????
???????????????????? On??????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????? [9]?
????????????????????????????????????????
????????? On?????????????????????????????
????????????????????????????????????????
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????????????????????????
A/D ???????????????????????????????? MDAC
????????????????????????????????????????
??????????????????????????????????????On
????????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
??????? S/H????????????????????????
????????????????????? On????????????????
????????????????????????????????????????
??????????????? [10]???????????????????????
? Ich? A/D???? Qch? A/D???? 2????????
? 62 ??Ich/Qch ???????????????????????????? 61
? Phase1?????1 ???????????? PMOS??????M1i ?M2i ?
On??Ich????????????????????? C1????????????
??????????2 ? Low ????NMOS ??????M4q ?M5q ? On ??
????????? C2?????????????????????????????
???????????NMOS??????M3q ? On??Qch??????????
?? O????????????????1??MDAC?????????????
?????? 2?????????????????????????????????
???Ich/Qch?????????????????????????????????
?????????
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7.4 ?????????
M10
M12 M13
M11
M14
CMA
V
com
CMD
M9
M1IN+ M2 IN-
OUT- OUT+
M3 M4
M5 M6
M7
M8
C3 C4
Triode region
GBAn
GBAp GBAp
GBAn
V
bp
? 63 ?????????
7.4.1 ??? 2?? CMFB???????????
? 63??S/H???MDAC?????????????????????6???
????????????????? M9 ????????????????????
?M9?????????????????????????????????????
???M9???????????????????M1?M2???????????
(CMRR)????
???????????????????????????????????????
??????????????????????? 2???????? CMFB????
?????? CMFB?????????????????M1?M2????????
???????????????????????????????????6????
????????????????????????????????????????
????????
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C
L
C
L
(a)
(b)
CMDOUT- OUT+
I I
M9
M1IN+ M2 IN-
CMDOUT- OUT+
I I
M9
M1IN+ M2 IN-
? 64 S/H ?????????????????? (a) ???????????
(b)Phase1? Phase2
? 63????????????? CMFB???????????? (CMD)????
????????????? (CMA)?2 ????????????? M9??????
? C3?C4 ??????????????????????????????????
???CMFB ??????????????????6 ??????????????
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????????M9???????????? 1?? CMFB???????????
???? 2?? CMFB???????? CMA??? Acma ????????????
??????????????????????????????????
? 64??CMA???????????????? S/H?????????
? 64(a)???????????????????????????????????
????????????????????????? I ??????????????
???????????????????????????
gm[sat]ro[sat]ro[tri]
4
; (7.1)
???????????ro[tri] ??????????M9??????gm[sat] ? ro[sat] ?
????????? M1 ???? M2 ??????????????????????
??? (7.1)??????????????????????????????????
???????????????? CMFB???????????????
???I/Q??????????????????????????????? Phase1
???? Phase2??????? 64(b)??????????????????????
??????? Ich???? Qch????????????????????????
???????????? CL ??????????????????????????
?????????????????????
2
gm[sat]
+ ro[tri]; (7.2)
???????? (7.2)??Phase1???? Phase2????????????????
???????????????????M9???????????????????
????????
????????? 64 ???????????? 1 ??????? CMFB ????
Phase1 ???? Phase2????????????????????????????
???????????????????????????????? CMA ????
???
??????????????????????????????? CMFB????
?????????Phase1???? Phase2?????CMFB???????? CMA
??????????CMA?????????????CMA???????????
CMA ????????????? C3?C4 ? M9 ???????????? 2 ??
??????????????? C3?C4??????????CMA????????
???????CMA??????????????????????????? 64(b)
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V
com
OUT+
OUT-
CM_OUT
? 65 ????????
IN+ V
com
OUT+
? 66 2???????? CMFB???????
????????????Phase1???? Phase2???M9??????? CMFB?
?? 2?????????????????? CMA????????????????
CMA ????????????????????????????????????
?????????CMA??????????????????? 1/20??????
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???
? 63??????????????6??????????????CMFB????
???????????????M7?M8????????????????????
????????????????????????????????????????
?????????????????????
??????????????????? (Power Supply Rejection Ratio:PSRR)?
????????????????????????????????????????
?????????? 63??????????????????M7?M8??????
???? Vbp ????????M10?M14??????????????????M7?
M8 ??????????????????????????????? PSRR ???
??????????????????????CMFB??????????????
???????????? PSRR?????????
7.4.2 ??????????
(a)
N3
(b)
M17M16M15
? 67 ??????????
? 63?????????????????????DC?????????????
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???????? GBAn? GBAp?????????
?????GBAn?????? 67(a)??????????????????????
????????????????????? [7][11][12]??????????????
??????????M15??????????????????????M1???
??????????M1???????????????????M1???????
????????????????????????????????????????
??????????????????????????????M15???????
???????????????
???????????????????????????????????????
????????????????? A/D?????????????????????
????????????????????????????????????????
?????????????????????????????????????? DC
?????????
???S/H????????? 2??????????????????????DC
?????????????????????????? 67(b)???????????
????????????????????????????????????????
???M16??????????????????????????????M17??
???????????????????????? 67(a)???? N3???????
????????????????????????????????????????
???????????????????????????????????
???????????????????????????????????????
? DC???????????????? 100dB??????????
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7.5 ?????????
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? 68 ?????
90nmCMOS ???????????? 12bit????? 40MS/s ????????
A/D????????????????? 68????????????????????
???????????????? Ich/Qch? 2?? A/D????????2.3 mm 
3.7 mm????????? 0.9V????
? 69?????? 40MS/s???????????? SNR??? SNDR?????
??????????? 500KHz?????SNR? 62.7dB?SNDR? 59.3dB????
?????? (ENOB) ? 9.6bit ????????????? DC ?????????
???????? SNDR????-1.4dB???????????????? ENOB?
9.3bit????
? 70 ?????? 40MS/s???????? 5MHz ?? FFT ??????????
SFDR? 68.9dB?????
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56
58
60
62
64
0 10 20
Input Signal Frequency [MHz]
[d
B
]
SNR(dB)
SNDR(dB)
? 69 ???? 40MS/s???????????? SNR?SNDR
68.9dB
? 70 ???? 40MS/s?? FFT??????
119
7 0.9V?????????? 12BIT?40MS/S??????? A/D???
? 71???? 72???????????? DNL/INL????DNL? INL???
??? +0.95LSB/-0.90LSB? +3.41LSB/-3.68LSB?????
A/D?????????????????????????????? 73?????
??????MDAC????????????MDAC????? Vout ???????
??? Cs1? Cs2???????????????????????????????
????? Vref ?????????????
? 73 ???????????????????????? o-chip ???????
??????????????????? [13]???????????????????
??IC????????????????????????????????????
???????????????????
? 74??????? 1nH???????????????????????????
????????????????? 1mV????9bit?? 10bit?????????
????????????????????????????????????????
??????
?????? 4????????????A/D??? 1???? 17.3mW?????
??????WLAN/WiMAX??????????????????????
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? 71 DNL
? 72 INL
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IC package
Measurement
socket
Evaluation
board
Off-chip
Capacitor
On-chip
Capacitor
Parasitic
inductors
Cs1
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MDAC
Sub-ADC
Amp.
V
ref
Refenence
Buffer
IC Chip
V
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? 73 ?????????????????MDAC????????
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? 74 ???????????????????
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? 4 ????
Technology 90-nm 1-P 7-M CMOS
Supply Voltage 0.9 V
Power 17.3 mW/channel
Resolution 12 bit
Sampling Rate 40 MSPS
Full Scale 0.7 Vp p (dierential)
SNR 62.7dB@Fin=500 KHz
60.8dB@Fin=20 MHz
SNDR 59.3dB@Fin=500 KHz
58.1dB@Fin=20 MHz
SFDR 68.6dB@Fin=500 KHz
DNL +0.95/-0.90 LSB
INL +3.41/-3.68 LSB
Area 2.3 mm  3.7 mm (2ch)
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7.6 ???
0.9V???????????????????????????????Ich/Qch?
????????????????????????????????????????
???????????????????
???????????? CMRR????????????????????? 2?
? CMFB ?????????????????????? CMFB ?????????
????????????????????????????????????????
????????? CMFB???????????????????????????
???????????
???? A/D ????????? 0.9V ??????????? 9.3bit ?????
??????1?? A/D???????????? 17.3mW????????????
WLAN/WiMAX?????????????????????
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8 ???? 1V????? 3GS/S 5BIT??????????? A/D???
8 ???? 1V????? 3GS/s 5bit??????????
? A/D???
8.1 ????
CMOS ???????????????MOSFET ?????????? 30GHz?
300GHz???????????????????????????? 60GHz????
???? GHz?????????????????????????????????
??? Gbps?????????????????????????? [1][2][3]?
1.1.3 ????????????????????????? A/D ????????
????????? GHz????????????????? A/D?????????
? GS/s???????? A/D?????????????????????????
???????????????????????????????A/D??????
?????????? 4?6bit????? [4][5]?
1.1.4 ??? 3 ???????????????????????????? A/D ?
???????????????????????????????????
????????????????????? 3GS/s?5bit ???????????
? A/D???????????
A/D????????? 1??????????????????????????
??????CMOS??????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????? DC?????????????A/D??????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????
?????????? A/D??????????????????????????
????????????????? DC ????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????
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65nmCMOS????????????? 3GS/s?1V???????5bit? A/D?
?????????????? 200MHz?????????? 4.7ENOB???????
?????? 1.5GHz????????????? 4.3ENOB????????????
???????? 36.2mW?????FoM=0.6pJ/conv????3GS/s??????
???????? A/D???????????????????????????
8.2 ???????
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x33x17x9 x33 x33x9
Preamp Comparator
T/H
(passive)
Clk Buffer
5 Digital
Out
? 75 ?????????? A/D?????????
? 75???????????? A/D??????????????????????
???? (T/H)????????? (Reference)?????? (preamp)???????
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2nd Comp.1st Comp.
V
OUT+
V
in+
V
clk
V
clkB
V
in-
V
OUT-
? 76 ??????
(comparator)?????? (encoder)????????? (clock buer)???????
???????????????????????????????????????
??????????????????????????????????9?????
????????????????? [5]?
???????????3????????????????????2??????
???????????????????????????????????????
????????????????????????????????????? 75?
????????1??? 2???????????1???? 2??????????
????????????????????????T/H ????? 9 ???????
T/H?????????????????????????????????????
???????????????? 8???????????????????????
???????????????????????????4????????????
??????????????????????????????? 2????????
??????2??????????? 4?????????????????????
????
???????????????????????????????????????
?????? [6]????????????????????????????????
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8 ???? 1V????? 3GS/S 5BIT??????????? A/D???
???????????????????????????? 0???????????
????????????????????????????????????????
???????????????????????????0????????????
????????????????????????????????????????
??????????????????????????? A/D??????????
????????????????????????????????????????
???????? [7]?
??????? On??????????????????????????????
???????? On??????????????????????????????
???????????? 0???????????????????????????
??????????????? O???????????????????????
???????????????
? 76????????????????????????????????????
???????????????????????????????????3GS/s ?
??????????? 2?????????????
?????????????????3 ?? NAND ?????? 1-of-N ?????
[8]???????????? [9]?????5???????????????????
????
8.3 ??? DC???????????
?????? A/D??????????????????????????????
?????????????????? DC????????  = 0:1LSB ?????
?????????? [8]?
????? D/A ??? (CS-DAC) ????????????? DC ???????
?????????????????????????????? 1 ???? [5][10]?
?????????????????????????????????? 0 ????
??A/D???????????DC???????????????????????
?????? High/Low???????? High/Low??????????CS-DAC?
????????????????????????????????????????
????? DC?????????????
??? DC?????????????????CS-DAC????????????
??????????DC ?????????????? [5]????????????
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V
ref+
V
ref-
V
in+
V
in-
I I
CS-
DAC
V
out+
V
out-
Tr1 Tr2 Tr3 Tr4
Tr5 Tr6
R RSw
? 77 ???????
(a)
V
off1
V
off3
A
-V
off2
A
A
Comp3
Comp2
Comp1
I
3
I
1
I
2Pre2
Pre3
Pre1
(b)
A
-V
off2
A
A
-V
off1
-V
off3
2
-V
off3
A
-V
off1
A
Comp3
Comp2
Comp1
Pre2
Pre3
Pre1
I
2
I
3
I
1
? 78 ????? DAC(CS-DAC)????????????????
????????????????????????????????????DC??
????????????????????????????????????????
???????????????????? 1???????????????????
??DC?????????????CS-DAC???????????????????
????????????????????????????????????????
????????? DC??????????????CS-DAC??????????
????????????????????????????????
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? 77??????????????????????? Tr1?Tr4??2??????
?????????????????????? Vin ???????????? Vref
??????????????????????? Vref ?????????????
????????????????????????????????????????
????????????????????????????????????????
????????
???????????????????????????????????????
????????????????????????????????????? fF?
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????? Tr5?Tr6????????????????
????????????????????????????????????????
???????????? DC??????????????????????????
?????
? 78(a)??DC??????????????????? [5]???????????
2?????????????????????????????Pre1?Pre3??2?
??????????????????????? DC???????? Voff1?Voff3
????????Comp1?Comp3??Pre1?Pre3????????????????
???????A??????????I1?I3 ? CS-DAC?????????
???????DC????????????????????????????Pre1
? Pre3 ? DC ??????? Voff1 ? Voff3 ??I1 ? I3 ????????????
 Voff1=A???  Voff3=A??????????????????CS-DAC????
????????????????????????????????????????
????DC??????????????? DC?????????????????
??????? A???????????????????????????? A/D?
?????????? 3??????? 10dB????????????????? 3dB
?????????????? DC????????????????0.1LSB????
????
? 78(a)?????2??????? Pre1 (???? Pre3)????????????
? Comp1 (???? Comp3)????? Voff1 (???? Voff3)??????????
??????? 4??????? Pre2????????? Comp2????? Voff2 ?
???????????????? 78(b) ?????????I1 ? I3 ???????
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8 ???? 1V????? 3GS/S 5BIT??????????? A/D???
?????????? Voff2 ?  (Voff1 + Voff3)=2????????????????
???? DC???????????????I2 ?????????????????
??????I2 ???????Pre2????????????? 76????????
????????NMOS????????????????????????????
???? GND???????????????????Pre2???????????
????????????????????????????????????????
???????????????????????????????
8.4 ???? DC???????????
????????????????? 0.1LSB???????????? DC????
???????????????
? 79(a)?????? DC??????????????????????????3
???????? 2 ??????????????????????????????
?????????CS-DAC????? (Register)????????????? Sw1?
Sw3 ?????????????????????????????? (Sequencer) ?
??????????????????
? 79(b) ?????? DC ?????????????????????????
???
?????????????????? DC ??????????????????
???
????Sw1?Sw3?????????3?????????????????? 0?
?????????CS-DAC3?????3????????????????????
DC?????????????????Sw1? Sw2?????????Sw3????
???CS-DAC2???????????3????????????????????
??????2 ????????????? DC ?????????????????
??Sw1?????Sw2?Sw3????????CS-DAC1?????????????
DC??????????????????????????????????????
????????????? DC?????????????????????????
?????????? 2????????? 4????????? DC???????
????????????????A/D????????????????????
?????????????????????????????????? DC ??
????????????????????????????????????????
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Register1
Register2
Register3
t
Sw1:ON
Sw2:ON
Sw3:ON
Sw1:ON
Sw2:ON
Sw3:OFF
Sw1:ON
Sw2:OFF
Sw3:OFF
(b)
Sw1:ON
Sw2:OFF
Sw3:OFF
Sw1:ON
Sw2:OFF
Sw3:OFF
Tc=110ns
(a)
3-stage Preamps
A
3
A
2
A
1
Sw2 Sw3
Sw1
Sw1
Vin+
Vin-
Vref+
Vref-
CS-DAC2
Register2
CS-DAC3
Register3
CS-DAC1
Register1
Sequencer
2-stage
Comparators
? 79 ???? DC???????????
???????? DC??????????????????????
???Sw1?????Sw2?Sw3????????CS-DAC2???????????
?????????????????? DC ???????? 2 ???????? DC
??????????? CS-DAC2 ??????????????? DC ??????
?? 2????????????????CS-DAC2???????????CS-DAC3
???????
???? DC?????????????????????????????????
134
8 ???? 1V????? 3GS/S 5BIT??????????? A/D???
??? DC ???????? 3 ?????????????????????????
?????? DC????????????????3???????????????
??????????=0.1LSB??????????????
??? DC???????????????????????????? DC????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
DC??????????????????????????????????1???
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????GS/s??????? A/D???????????????
?????????????????? [5] ????????????????????
? 79(b)?????????????? 110ns???????????????????
????????????????????????????????????????
?????????????
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8.5 ????
? 80 ?????
? 80 ???????????? A/D ?????????????65nmCMOS ??
?????????????? 0.25 mm2 ????
? 81?????? 3GS/s???DC??????????????????????
????????? SNDR?????????????? 200MHz??SNDR=29.9dB
?????????? 4.7ENOB ????????????????????????
1496MHz????SNDR=27.8dB?????????? 4.3ENOB?????????
????????5bit ? A/D ?????? 4ENOB ???????????????
?????? DC ???????????????????????????????
??? (Eective Resolution Bandwidth:ERBW)?????????????????
?????????????????????? A/D????????????????
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? 81 ???? 3GS/s?????????? SNDR
A
m
p
lit
u
d
e
[d
B
]
? 82 ???? 3GS/s????????? 1399MHz?? FFT??????
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? 82????? 3GS/s???????? 1399MHz?? FFT??????????
??????? I/O???????????A/D????????????? 1/4??
?? (???????)??????SFDR? 39.7dB?????FFT????????
????????????????????????????????????????
???
? 83?? 84??DC????????????????????? DNL/INL??
??DNL=+0.36/-0.35 LSB????INL=+0.41/-0.40 LSB????.
? 83 DNL
? 84 INL
? 5????????? A/D????????????
?????????? 3 GS/s?????? 1V??36.2mW???????????
?????????????? 13.2mW?????????????? 10.7mW????
?????? 11.7mW?????????? 0.6mW?????
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? 5 A/D??????
Technology 65-nm 1-P 8-M CMOS
Supply Voltage 1 V
Full Scale 0.5 Vp p (di.)
Power 36.2 mW
Sampling Rate 3 GS/s
Resolution 5 bit
SFDR 43.1 dB @ 200 MHz input
39.6 dB @ 1496 MHz input
SNDR 29.9 dB @ 200 MHz input
27.8 dB @ 1496 MHz input
FoM 470 fJ/conv @ 200 MHz input
600 fJ/conv @ 1496 MHz input
DNL +0.36/-0.35 LSB @ after calib.
INL +0.41/-0.40 LSB @ after calib.
Area 0.25 mm2 (0.5 mm  0.5 mm)
??????? A/D???? FoM??600fJ/conv?????FoM??
FoM =
Power[J=conv]
2ENOB@Nyquist Min(2  ERBW; fs) :
(8.1)
???????
? 6????????????? 3GS/s??? A/D??????????????
?????? A/D?????FoM? 1pJ/conv??????????????????
?????????
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? 6 3GS/s?????????? A/D??????
Deguchi [11] Nakajima [5] Alpman [12]
(JSSC'08) (JSSC'10) (ISSCC'09)
???? (GS/s) 3.5 2.7 2.5
???? (V) 0.9 1.0 1.1
ENOB (bit) 4.9 5.3 5.4
DNL (LSB) +0.50/-0.48 0.50 0.5
INL (LSB) +0.96/-0.39 0.73 0.8
ERBW (MHz) 1650 1350 1250
Power (mV) 98 50(25) 50
FoM (pJ/conv) 0.95 0.47(0.25) 0.48
???? Averaging Calibration Calibration
???? (nm) 90 65 45
Park [13] Lin [14] Kijima [15] This work
(CICC'06) (CICC'07) (CICC'09)
3.5 3.2(4.2) 3 3
1.8(1.4) 1.2 1.2 1.0
3.6@1GHz 4.4(4.2) 5.3@500MHz 4.3
+0.93/-0.83 0.60 0.2 +0.36/-0.35
+0.88/-0.89 0.65 0.2 +0.41/-0.40
- 1650(1750) 500 1500
227 180 90 36.2
9.4@1GHz 2.51(2.80) 2.3 0.60
Calibration Averaging Calibration Calibration
90 130 90 65
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8.6 ???
?????????????????????????? A/D??????????
?????? A/D???????????????? DC????????????
????????????????????????????????????????
????????????????????????????????????
?????????? 3GS/s?1V ???????????????????????
4.3ENOB???????????????
???3GS/s?????????????? A/D????????????????
????? (FoM)??????
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9 ??
9.1 ???????
??????????????? A/D?????????????????????
????????????????????????????????????????
????????????????????????? A/D????????????
????????????????????
? 1 ????????????????????????????????????
A/D???????????????????????A/D????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????
? 2 ????A/D ???????????????????A/D ????????
??????????????????????????????????????
SNDR/SNR/THD/SFDR??? AC??????????????? DNL/INL??
? DC????????????????????????????????? A/D?
?????????????????? FoM?????????
? 3?????????????????????????????????????
???????????????????????A/D??????????????
?????? 1??????????????????????????A/D?????
????????????????????MOS?????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????10bit?????????? A/D??????????
???????????????????kT/C???????????kT/C????
????????????????????????????????????????
???????????????????????
? 4??????????? A/D???????????????????????
???????????????????????????????????????
????? 50%????????????????????????????????
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9 ??
???????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????? 2 ??
? 80MS/s?10bit???????? A/D???? 130nmCMOS??????????
???????????????????????????????????? 50%?
????? 22%??????????????
? 5??????????? A/D???????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????200MS/s?10bit???????? A/D???? 90nmCMOS???????
?????1.5bit/stage?????????????????????????????
????????????? 105mW???????????????????????
?????????????
? 6??????????? A/D???????????????????????
?????????????? 5????????????????? 2.5bit/stage??
??????????????????????????? I/Q ??????????
?????????????????????????????? I/Q ???????
??????? 1?????????? IC? 2?? ADC?????????????
???????? 4???????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????? DC
????????????????????????????????????????
?????????????????????????????100MS/s?12bit???
????? A/D ???? 90nmCMOS ?????????55mW ?????????
??????????????????????????????????? A/D??
?????????????????1.2V????????????????????
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???????????????????????????????
? 7??????????? A/D?????????????????????? 6
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????? 2?????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????40MS/s?12bit???????? A/D???? 90nmCMOS????
?????0.9V?????????????0.9V??????WLAN/WiMAX???
????????????????????????????????????????
??????????????????????????? 6????????????
???????????????????????
? 8?????????? A/D????????????????????????
??????????????? DC???????????????????????
????????????????????????????????????????
???????????????????? DC????????????????1V
????????????????????????????????????????
? 3GS/s????????????????????????????
9.2 ???? A/D???????????????
6?? 7??????? I/Q??????????????????????????
????????????????? A/D????????????????????
?????WiMAX???????????? [1]?
8??????????????????????????????????????
A/D?????????????????????????????????????
[2]??TransferJet(TM)[3]?????????????
???????????????????????????????????????
????????????
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